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[57] ABSTRACT 

Silane modi?ed polyoxometalate anions represented by the 
formula YZ(SiRR'),, were prepared by reacting a silane 
having two hydrolyzable groups with a lacunary polyoxo 
metalate anion. In the formula YZ(SiRR')n, Z is M11O39_12, 
M9034‘14 or Mno?fzo, where M is tungsten or molybde 
num; Y is As“, Si“, B+3, Ge“, P+5 or F6“5 when Z is 
M11O39‘12, Y is Si“, Ge+4, or P+5 when Z is M9O34_14 and 
Y is As2+1° or P;10 when Z is Mno?fzo; R is selected from 
the group consisting of monovalent hydrocarbon radicals 
having from 1 to 24 carbon atoms, monovalent halogenated 
hydrocarbon or carbon radicals having from 1 to 24 carbon 
atoms and monovalent hydrocarbon radicals having from 1 
to 24 carbon atoms substituted with an epoxy group, an 
amino group, a mercapto group or a methacrylo group; R’ is 
a hydrogen atom or R and n represents the number of 
(:SiRR')+2 groups bonding to the polyoxometalate anion 
and has a value from 1 to 3. 

10 Claims, No Drawings 
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SILANE MODIFIED POLYOXOMETALATE 
AN IONS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates to the modi?cation of inorganic 
metal oxide anions, referred to as polyoxometalate anions, 
by the reaction with silanes having two hydrolyzable groups. 

2. Background Information 
Although the vast majority of metal oxides are insoluble 

or have a limited solution chemistry, as the chemical litera 
ture points out there is an important exception. This excep 
tion includes a class of oxides that are soluble in aqueous or 
nonaqueous solutions, charged and derived from polyvalent 
metals such as molybdenum, tungsten and less frequently 
vanadium, niobium or tantalum, or mixtures thereof, in their 
highest oxidation states. These oxides are referred to in the 
literature as “isopolyanions” when only a polyvalent metal 
and oxygen are involved and can be represented by the 
formula (MmOy)”_. If an additional metallic or non-metallic 
element is present these oxides are referred to as “het 
eropolyanions” and can be represented by the formula 
(XxMmOy)"“. Polyoxometalate anions fall into the latter 
category. 

In the formulae described above, M is a polyvalent metal 
of the type already described, X is the “heteroatom" and can 
be almost any element in the periodic table, other than a 
noble gas, 0 is oxygen, x, m, and y are integers where x<<m, 
and p and q represent the charge on the anion. This charge 
on the anion can be calculated by multiplying the valences 
of X, M and O by the value of the integer x, m and y 
associated with that atom and adding the products together. 

Although a majority of polyoxometalate anions have been 
formed in aqueous solution, nonaqueous syntheses have also 
been developed. A thorough discussion of polyoxometalate 
anions can be found in a text by Michael Thor Pope entitled 
“Heteropoly and Isopoly Oxometalates” published in 1983 
by Springer-Verlag. As discussed therein, these anions may 
generally be isolated from solution by addition of cations, 
typically alkali metals, NIL,+ or R4N+, where R represents a 
monovalent hydrocarbon. The type of cation will affect the 
chemical and physical properties of the polyoxometalate 
anion, including its solubility, and the properties of reaction 
products of the polyoxometalate anion. 
The chemical literature also points out that the structures 

of polyoxometalate anions seem to be controlled by the 
electrostatic and radius-ratio principles seen for extended 
ionic lattices. Although there are a very large number of 
known polyoxometalate anions, investigators have found 
that most of these can be characterized by relatively few 
structures. These structures consist of groups of M06 octa 
hedra surrounding X04 tetrahedra that share edges, corners 
and occasionally faces with adjacent polyhedra. 
The structure of a number of polyoxometalate anions is 

discussed in the above referenced article by Pope, in a text 
by M. Pope and A. Muller in Angew. Chem, (International 
English Edition), 30 (1991) 34-48 and in an article entitled 
“Heteropoly Compounds of Molybdenum and Tungsten” by 
G. Tsigdinos that is part of a collection entitled Topics in 
Current Chemistry, 76 (1978) 1-64. 
The structure of a particular polyoxometalate anion, the 

heteropolyacid H3PW12O4o*6H2O, is described by J. F. 
Keggin, in Nature, 131 (1933) 908-909. The acidic anion 
was determined to be a coordinated structure having a 
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2 
central P04 tetrahedron group surrounded by 12 W06 octa 
hedra groups, linked together by shared oxygen atoms. 
Polyoxometalate anions having the polyhedron type struc 
ture are known as having a Keggin structure. 

Keggin structure anions of the formula (XM1 040)” 
where M is molybdenum or tungsten and X is As’" , Si“, 
B+3, Ge“, P+5, Fe+3 or Co+2 have been reported in the 
literature. When X is silicon and M is tungsten or molyb 
denum, n is 4. Under mildly basic conditions, one or more 
of the MO groups from a polyoxometalate anion may be 
removed to form a de?cient or “lacunary” structure. The 
structure resulting from removal of one MO group can be 
represented by the formula (XM11O39)"“. In the example 
given above when X is silicon and M is tungsten or 
molybdenum, n is 8. The vacancy left by the departing group 
can be ?lled with other atoms or groups. 

Another common structure of polyoxometalate anions is 
referred to as a Dawson structure and is represented by the 
formula (X2M18O62)"'. The heteroatom represented by X in 
this structure is P5+ or Ass". A “lacunary” Dawson structure 
can also be formed by the removal of one or more MO 
groups. When one MO group is removed (which is the most 
common case) the “lacunary” Dawson structure is repre 
sented by the formula (X2M17O61)"_. 

Reactions of the lacunary polyoxometalate anion 
W1‘SiO398_ with RSiCl3 where R is CZHS, CGHS, NC(CHZ)3 
or C3H5 in an unbuifered aqueous solution have been 
reported by Knoth, J. Am. Chem. Soc., 1979, 101:3, 
759-760. Knoth determined that the W04+ unit required for 
a complete or “non-lacunary” structure was replaced with 
(RSi)2O4+ so the anion product corresponded to the compo 
sition (RSi)2WnSiO404_. The structure Knoth postulated for 
this product, which was later con?rmed, required that an 
oxygen atom bridge the two silicon groups that had been 
added to the polyoxometalate anion reactant. 

P. Judenstein, et al,, J. Chem. Soc., Dalton Trans, (1991) 
1991-1997, reported the synthesis in water and acetonitrile 
of polyoxometalate salts or acids having the general formula 
[R]4[SiWnO4O(SiR")2] where R=H+, K’", or NR'4", R'=me 
thyl or butyl and R"=ethyl, vinyl, phenyl or decyl. The 
experiments described the reaction of W11SiO398— with 
various R"SiX3 where X represented chlorine or ethoxy and 
R" was as described above. The resulting structure of the 
reaction products was determined to be as described by 
Knoth such that an oxygen atom bridged the two silicon 
groups that were added. 

Judenstein, Chem. Mater. (1992) 4, 4-7, describes the 
synthesis of negatively charged macromolecules by incor 
porating organically functionalized polyoxometalate anions 
in an organic polymeric backbone. The organically modi?ed 
polyoxometalate anion was obtained by reacting W‘1SiO398_ 
with RSiCl3 where R was vinyl, allyl or methacryl, or 
RSi(OEt)3 where R was styryl and the reaction products 
obtained therefrom were then reacted further using a free 
radical polymerization. 

Ammari, et al. New. J. Chem. (1991) 15, 607-608, 
describes the reaction of the trivacant W9SiO341°_ with 
RSiCl3 where R was alkyl or aryl in dry acetonitrile. 

Copending U.S. application Ser. No. 08/172,787 now 
U.S. Pat. No. 5,391,638, provides organosiloxane com 
pounds containing silicon-bonded polyoxometalate struc 
tures that are present as pendant groups and methods for 
their preparation. These methods include reacting a polysi 
loxane containing two or three hydrolyzable groups on the 
terminal silicon with a lacunary polyoxometalate anion and 
reacting a polyorganosiloxane containing at least one silicon 
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bonded hydrogen atom with the product of a lacunary 
polyoxometalate anion and a silane having two or three 
hydrolyzable groups. 
The materials found in the prior art have uses in coatings; 

in electronics, for example as sensors; as magnetic/electric 
storage devices; as catalysts; as ion exchange membranes in 
chromatography and as self reinforced elastomers. 

One objective of this invention is to prepare silane modi 
?ed polyoxometalate anions using silanes having two hydro 
lyzable groups. Another objective of this invention is the 
preparation of materials which can potentially be used to 
catalyze stereospeci?c reactions or be used as building 
blocks for organic-silicone-inorganic polymers. These mate 
rials could also potentially be used as additives in polymers 
to perform speci?c functions, for example, electrical con 
ductivity, photochromicity or electrochromicity. 

SUMMARY OF THE INVENTION 

The aforesaid objects of the present invention can be 
7 achieved by reacting a silane having two hydrolyzable 
groups with a polyoxometalate anion having a lacunary 
structure to form a silane modi?ed polyoxometalate anion. 

One embodiment of this invention provides silane modi 
?ed polyoxometalate anions represented by the formula 

where Z is selected from the group consisting of M11O39"12, 
M9034’14 and M17061"2o , where M is tungsten or molyb 
denum; Y is As“, 81*“, B“, Ge“, P+5 or Fe+3 when Z is 
M11O39“12, Y is Si“, Ge“, or P” when Z is M9O34_14, and 
Y is As;10 or Pf“) when Z is M17061“); R is a monovalent 
hydrocarbon radical having from 1 to 24 carbon atoms; R' is 
selected from the group consisting of a hydrogen atom and 
a monovalent hydrocarbon radical having from 1 to 24 
carbon atoms and n represents the number of (RR'Si)+2 
groups bonding to the polyoxometalate anion and may have 
a value from 1 to 3. 
The silane modi?ed polyoxometalate products are anionic 

and therefore will associate with various cations. Some 
typical cations include hydrogen; alkali metals such as Li*, 
Na“, or K*; alkaline earth metals such as Ba”, Mg+2 or 
Ca”; or R24NJ", where each R2 represents a monovalent 
hydrocarbon radical that may or may not be identical to the 
other three R2 radicals. The cation is preferably R24N+ 
where the R2 radicals are preferably identical and are 
preferably alkyl containing from 1 to 10 or more carbon 
atoms such as methyl, ethyl, iso-propyl, butyl, hexyl or 
decyl and is most preferably butyl. The type of cation will 
in?uence the solubility characteristics of the products. 

This invention also provides a method for preparing silane 
modi?ed polyoxometalate anions, the method comprising 
reacting a silane having a general formula 

where R is a monovalent hydrocarbon radical having from 
1 to 24 carbon atoms, R‘ is selected from the group consist 
ing of a hydrogen atom and a monovalent hydrocarbon 
radical having from 1 to 24 carbon atoms and X is a 
hydrolyzable group; with a polyoxometalate anion repre 
sented by the formula 

where Z is selected from the group consisting of M11O3_9_12, 
M9034,-14 and M17052", where M is tungsten or molyb 
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denum; Y is As“, Si“, B”, Ge“, P+5 or Fe+3 when Z is 
M11039’12 , Y is Si“, Ge“, or P+5 when Z is M9034‘14 and 
Y is Asz+10 or Pf“) when Z is MHOGI'ZO. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The Polyoxometalate Reactant 
The polyoxometalate anion is represented by the formula 

YZ in the present invention. The letter Z describes various 
lacunary or de?cient “isopolyanions,” including M11O3gf12, 
M9034‘14 and M17061“) , where M is a polyvalent metal. 
The letter Y describes various “heteroatoms” which together 
with the isopolyanion forms “heteropolyanions” of which 
polyoxometalate anions are a part. 

In the present invention, M is preferably tungsten (WT) 
or molybdenum (Mom) and most preferably tungsten. Y can 
be As“, Si“, B+3, Ge“, P+5 or Fe+3 when Z is M11O39_12, 
Si“, Ge“, or P+5 when Z is M9O34'14 and Asz+10 or Pf“) 
when Z is Mno?fzo. When Z represents M11039-12 or 
M9O34—14, in the present invention Y is preferably SiM and 
P+5 and most preferably Si“ and when Z is M17061~20 Y is 
preferably Pf“). Polyoxometalate anions have open 
valences and are therefore a charged species. The charge can 
be determined by multiplying the valences of the atoms 
associated with Y and Z by the value of the integer associ 
ated with that atom and adding the products together. For the 
polyoxometalate anion YZ where Y is Si+4 and Z is M11039 
with M being tungsten or molybdenum, the charge is equal 
to the sum of the valence of silicon (+4), 11 times the 
valence of M (+6) and 39 times the valence of oxygen (—2), 
which totals —8. 

Since the polyoxometalate anion has a negative charge, it 
will associate with various cations. Some typical cations are 
hydrogen; alkali metals such as LiJ", Na”, or K*; alkaline 
earth metals such as Ba”, Mg+2 or Ca”; or R24N+, where 
each R2 represents a monovalent hydrocarbon that may or 
may not be identical to the other three R2 radicals The cation 
is preferably R24N+ where the R2 radicals are preferably 
identical and are preferably alkyl containing from 1 to 10 or 
more carbon atoms such as methyl, ethyl, iso-propyl, butyl, 
hexyl and decyl and is most preferably butyl. 

Methods for preparing lacunary polyoxometalate anions 
used as reactants for preparing the silane modi?ed polyoxo 
metalate anions of this invention are reported in the chemi 
cal literature, see for example, Inorganic Syntheses; Gins 
berg, A. P., Ed., John Wiley & Sons, Vol. 27, Chapter 3, 
1990. Speci?c references include Teze et al., J. Inorg. Nucl. 
Chem. (1977) 39, 999, for the preparation of the potassium 
salt of SiWnO398", Herve et al., Inorg. Chem., (1977) 16, 
2115 for the synthesis of the sodium salt of SiW9O34w‘ and 
Contant, R., Inorganic Syntheses; Ginsberg, A. P., Ed., John 
Wiley & Sons, Vol. 27, Chapter 3, pp 104—l07, 1990, for the 
synthesis of the potassium salt of (P2W18O62)6_. Non 
lacunary or complete Keggin structures of polyoxometalate 
anions corresponding to the formula YMIZO40 can be pre~ 
pared by adding an acid to an aqueous solution of sodium 
tungstate or sodium molybdate in the presence of a solubi~ 
lized compound, such as an alkali metal silicate, containing 
the heteroatom represented by Y in the general formula for 
the polyoxometalate anion. Another method for preparing 
non-lacunary polyoxometalate anions utilizes a phase trans» 
fer procedure described by Katsoulis and Pope, J. Am. 
Chem. Soc., (1984) 106, 2737. This procedure converts a 
water soluble polyoxometalate salt, such as an alkali metal 
polyoxometalate salt, to a salt that is soluble in non-polar 
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organic solvents, such as a tetraalkylammonium polyoxo 
metalate salt. In this instance the nitrogen bonded radicals 
should contain more than four carbon atoms and preferably 
six or seven carbon atoms. 

In the present invention, lacunary polyoxometalate anions 
are reacted with silanes having two hydolyzable groups. The 
lacunary structures can be generated during preparation of 
the polyoxometalate anion by using the appropriate ratio of 
tungsten or rnolybdate salt to heteroatom compound corre 
sponding to the formula of the desired structure and main 
taining the pH of the reaction mixture at no lower than 4.8. 
Alternatively, a complete polyoxometalate anion structure 
can be changed to a lacunary structure by hydrolysis under 
basic conditions. 

Speci?c reactants and conditions for preparing polyoxo 
metalate anions are described in the literature so that a 
complete discussion of the subject is not required in this 
speci?cation. The preparation of preferred polyoxometalate 
anions is described in the accompanying examples. 
The Silane Reactant 
The silane reactants used for modifying the polyoxometa 

late anions in the present invention are represented by the 
general formula RR'SiX2. The letter X represents hydrolyz 
able groups bonded to silicon and R and R' represent other 
groups which may or may not be identical and which may 
or may not contain functionality also bonded to the silicon 
atom. 

Hydrolyzable groups include any group attached to sili 
con which is hydrolyzed by water at room temperature. 
Suitable hydrolyzable groups that can be represented by X 
include but are not limited to halogen atoms such as chlo 
n'ne, bromine, ?uorine or iodine; groups of the formula 
—0T when T is any hydrocarbon or halogenated hydrocar 
bon group such as methyl, ethyl, iso-propyl, octadecyl, allyl, 
hexenyl, cyclohexyl, phenyl, benzyl, betaphenylether, 
2-chloroethyl, chlorophenyl, 3,3,3-tri?uoropropyl, or bro 
mocyclohexyl; any hydrocarbon ether radical such as 
2-methoxyethyl, 2-ethoxyisopropyl, 2-butoxyisobutyl, 
p-methoxyphenyl or —(CH2CH2O)2CH3; any acyl radical 
such as acetyl, propionyl, benzoyl, cyclohexoyl, acrylyl, 
methacrylyl, stearyl, naphthoyl, tri?uoroacetyl, chloroben 
zoyl or bromopropionyl; any acyloxy group such as acetoxy, 
benzoyloxy, propionoxy, or acryloxy; or any N,N-amino 
radical such as dimethylarnino, diethylamino, ethylmethy 
lamino, diphenylamino or dicyclohexylamino. X can also be 
any amino radical such as NH2, dimethylamino, diethy 
lamino, methylphenylamino or dicyclohexylarnino; any 
ketoxime radical of the formula —ON=CL2 or —ON=CL' 
in which L is ‘any monovalent hydrocarbon or halogenated 
hydrocarbon as those shown for T above and L' is any 
divalent hydrocarbon radical both valences of which are 
attached to the carbon, such as hexylene, pentylene or 
octylene; ureido groups of the formula -—N(L)CONL"2 in 
which L is de?ned above and L" is H or any of the L radicals; 
carbamate groups of the formula —OOCNLL" in which L 
and L“ are de?ned above; or carboxylic amide radicals of the 
formula —NLC=O(L") in which L and L" are de?ned 
above. X can also be the sulfate group or the sulfate ester 
groups of the formula —OSO2(OL) where L is as de?ned 
above; the cyano group; the isocyanate group; and the 
phosphate or phosphate ester groups of the formula 
—-OPO(OL)2 where L is as de?ned above. Halogen atoms, 
particularly chlorine, alkoxy groups containing from 1—4 
carbon atoms, particularly methoxy and acyloxy groups 
containing 2-6 carbon atoms, particularly acetoxy are pre 
ferred based on cost and the nature of the byproducts 
generated during reaction with the polyoxometalalate anion. 
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6 
Examples of suitable monovalent hydrocarbon radicals, 

including organofunctional radicals, that can be represented 
by R and R‘ include but are not limited to alkyl radicals such 
as methyl, ethyl, isopropyl, hexyl, octadecyl or myricyl; 
alkenyl radicals such as vinyl, allyl or hexenyl; alkynal 
radicals such as propargyl, cycloaliphatic radicals such as 
cyclopentyl, cyclohexyl or cyclohexenyl; aromatic hydro 
carbons such as phenyl, tolyl, xylyl, xenyl, naphthyl or 
anthracyl; aralkyl hydrocarbon radicals such as benzyl, 
beta-phenylethyl, beta-phenylpropyl or garnma-tolylpropyl; 
halogenated hydrocarbon or carbon radicals such as 3,3,3 
tn'?uoropropyl, trideca?uoro-1,1,2,2-tetrahydrooctyl)-1 
methyl or per?uoroalkyl; epoxy radicals such as 2,3-ep 
oxypropyl, epoxyethyl, 2-(3,4 epoxycyclohexyl) or 3,4 
epoxybutyl; amino radicals such as arninoethyl, aminoethy 
laminopropyl, 2-aminobutyl, 3-aminopropyl or methyl ami 
nopropyl; mercapto radicals such as 3-mercaptopropyl or 
mercaptomethyl; and methacrylo radicals such as 3-meth 
acryloxypropyl In addition, R‘ may be represented by hydro 
gen. R and R‘ are preferably ethyl, methyl, vinyl, l-hexenyl, 
phenyl, or l,l,1,2,2,3,3,4,4-nona?uorohexyl, epoxy or 
amino. Most preferably one or both of the groups on R or R' 
is a functional group which is capable of further reaction 
such as vinyl, hexenyl, epoxy or amino. 

If R and R‘ are not identical, the silicon atom is chiral and 
stereoisomers can form. This chirality creates the potential 
for designing stereospeci?c reactions using the present 
invention. These types of reactions are particularly utilized 
by the pharmaceutical industry in the production of drugs. 

Methods for preparing silanes containing two hydrolyz~ 
able groups and various hydrocarbon groups or hydrogen are 
described in the art and so do not need to be described here. 
The preferred silanes used in the examples are all commer 
cially available. 
Reaction of the Polyoxometalate Anion with the Silane 

Silane modi?ed polyoxometalate anions having the gen 
eral formula YZ(RR1Si)n are prepared by reacting a silane 
containing two hydrolyzable groups with a lacunary poly 
oxometalate anion. The cation associated with the polyoxo 
metalate anion is typically an alkali metal or tetralkyl 
ammonium. 
The reaction between the polyoxometalate anion and the 

silane can be conducted in a homogeneous reaction or a 
heterogeneous reaction. The molar ratio of silane to poly 
oxometalate anion used in either type reaction can be from 
0.5 mole to 3 moles silane per mole of polyoxometalate 
anion but should be greater than 1 and is preferably 2:1. 

In a homogeneous reaction the silane and polyoxometa 
late anion are placed in a solvent in which both are soluble 
and allowed to stir for some time. If, for example, a 
chlorosilane is used in the presence of water, there is no need 
for the addition of another reagent because it will hydrolyze 
very quickly generating HCl which assists in the coordina 
tion of silane to polyoxometalate anion. When a silane other 
than a halosilane is used, for example an alkoxy silane, one 
will need to add a catalyst to assist in the hydrolysis/ 
coordination reaction. In most cases this is an acid or basic 
catalyst, preferably HCl. The amount of catalyst used can 
range from 0 to 2.5 equivalents per silane with 2 equivalents 
per silane being preferred. The reaction can take place at 
temperatures ranging from 0° C. to the boiling point of the 
solvent and are preferably conducted at ambient tempera 
tures. Depending on temperature the time for reaction can 
range from minutes to hours and at ambient temperatures the 
reaction time is preferably 2—3 hours. 

In a heterogeneous reaction, a polyoxometalate salt is 
brought into contact with a silane dissolved usually in an 
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organic solvent such as acetonitrile or mixtures of acetoni 
trile/toluene and allowed to stir for several hours. As in the 
homogeneous reaction, it is preferred that the silane 
hydrolyses which is believed to assist in the coordination of 
silane to polyoxometalate anion. Therefore, when a silane 
other than a halosilane is used, for example an alkoxy silane, 
one will need to add a catalyst to assist in the hydrolysis/ 
coordination reaction In most cases this is an acid or basic 
catalyst, preferably HCl. The amount of catalyst used can 
range from 0 to 3 equivalents per silane with 2 equivalents 
per silane being preferred. A large excess of acid will convert 
the lacunary polyoxometalate anion to the “complete” Keg 
gin structure thereby reducing the reaction yield. The reac— 
tion can take place at temperatures ranging from 0° C. to the 
boiling point of the solvent and is preferably conducted at 
ambient temperatures. Depending on temperature the time 
for reaction can range from 3 to 36 hours at ambient 
temperatures the reaction time is preferably 24 hours. 

Whether the reaction is conducted in a heterogeneous 
manner or a homogeneous manner, the products can be 
isolated in similar ways. One method is simply by evapo» 
rating the solvent. This method can be used if the reaction is 
carried out using a polyoxometalate salt that is soluble in a 
nonpolar solvent such as toluene or methylene chloride. 
Another method to isolate the product is by adding a solvent 
that reduces the products’ solubility, for example, from a 
water solution one could add ethanol, acetone or acetonitrile. 
If acetonitrile is the reaction solvent, one can add water and 
the product will precipitate. 
The preferred method to isolate the products is to add 

another cation to the silane modi?ed polyoxometalate prod 
uct mixture which will then exchange with the cation that 
was initially added as the polyoxometalate salt to form 
another salt. This new salt will either precipitate out of the 
solvent used if it is insoluble in such solvent or can be 
precipitated out of solution by the addition of a different 
solvent. For example, if the solvent used is water, one can 
add organic cations such as tetrabutylammonium or inor 
ganic cations such as Ba”, Ca+2, Cs‘”11 etc. and easily 
precipitate the product which is now associated with the new 
cation. If the solvent used is acetonitrile, one can add organic 
cations such as tetrabutylammonium bromide. In this case, 
the product associated with the new cation may not precipi 
tate if it is soluble in acetonitrile, however, one can easily get 
this product to precipitate by the addition of water or other 
solvent which the product associated with the new cation 
does not have solubility. 

In this invention it is preferable to prepare the silane 
modi?ed polyoxometalate anion in acetonitrile by reacting 
an alkali metal salt of the polyoxometalate anion with a 
silane, adding tetrabutylammonium bromide to provide the 
tetrabutylammonium salt of the silane modi?ed polyoxo 
metalate anion and, if necessary, adding water to precipitate 
this salt out of solution. The silane modi?ed polyoxometa' 
late salts are stable in the absence of strong acids or bases in 
aqueous and nonaqueous environments. 
Properties of Silane Modi?ed Polyoxometalate Anions 

Lacunary polyoxometalate anions such as SiWuO398‘ 
have a vacancy or “hole” where a WO4+ has been removed 
from a complete polyoxometalate anion such as SiW12O404‘ 
and as illustrated in FIG. 1 four surface oxygen atoms are 
available for coordination. The chemical literature has 
shown that when this lacunary polyoxometalate anion is 
reacted with silanes containing three hydrolyzable groups, 
two silane groups bond to the four oxygens in the polyoxo 
metalate anion and an oxygen bridge connects the two silane 
groups. The silane modi?ed polyoxometalate anion resulting 
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from the reaction of SiWuO398‘ with RR‘SiX2 has a valence 
of 4-, ie. SiWuO39O(RR'Si)24‘. This valence is determined 
by adding the 2+ charge of each silane group to the charge 
of 8- of the lacunary polyoxometalate anion (2><(2+)+(8—)). 
When a lacunary polyoxometalate anion is reacted with 

silanes containing two hydrolyzable groups an oxygen 
bridge connecting the two silane groups does not typically 
result. However, experiments have shown that if any of the 
R groups oxidize during the synthesis of the silane modi?ed 
polyoxometalate anion an oxygen bridge can be observed in 
some of the reaction products as described in Examples l2, 
l3 and I4 herein. 

It has also been determined that in some instances, 
reaction products may contain mixtures such that there are 
products containing two silane groups bonded to the poly 
oxometalate anion and products having only one silane 
group bonded to the polyoxometalate anion. 
When only one silane group bonds to the lacunary poly~ 

oxometalate anion, two oxygen atoms remain with open 
valences and the resulting silane modi?ed polyoxometalate 
anion has a valence which diifers from the reaction product 
having two silane groups bonded to it. These two products 
are separable on the basis of overall negative charge. These 
results may be explainable as due to steric hindrance, ie. 
larger R or R‘ groups on silicon restrict how many groups 
can bond to the available oxygens. 

In addition, it has been observed that increasing the molar 
concentration of the silane reactant may result in an increase 
in the monosubstituted reaction product. 

If in the silane reactant RR'SiX2, R and R‘ are not identical 
the silicon atoms are chiraland give rise to the formation of 
stereoisomers. 
The physical properties of the silane modi?ed polyoxo 

metalate anions depend upon a number of variables includ 
ing the cation associated with it. The cation will also 
determine the solvents that can be used as the reaction 
medium. 

Silane modi?ed polyoxometalate anions having func 
tional groups bonded to the silicon atoms can serve as 
building blocks for the synthesis of silicone-polyoxometa 
late hybrid polymer systems with potential applications as 
coatings, as electronic or protonic conductors, as electronic 
and optical storage devices and as supported catalysts. If the 
silane modi?ed polyoxometalate anions do not have func 
tional groups bonded to the silicon, these materials still have 
various potential uses, for example, silane modi?ed poly 
oxometalate anions containing R groups with long carbon 
chains may provide surfactant-like properties and therefore 
could be used to modify solvent properties. 

EXAMPLES 

The following examples describe preferred embodiments 
of the present silane modi?ed polyoxometalate anions, the 
properties of these materials and methods for preparing 
them. The examples should not be interpreted as limiting the 
scope of the invention as de?ned in the claims. 
Preparation of Salts of Preferred Polyoxometalate Anions 

The salt of the polyoxometalate anion was prepared either 
according to the method described by Teze et al., J. Inorg. 
Nucl. Chem (1977) 39, 999 or with simple modi?cations 
thereto. Into a ?ask equipped with a stirrer, addition funnel 
and Claisen “Y” adapter ?tted with a condenser and ther 
mometer was charged 900 mL deionized water, 546 g (1.66 
moles) of sodium tungstate, Na2WO4*2H2O and 33 g (0.155 
moles) of sodium metasilicate, Na2SiO3*5H2O. The mixture 
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was heated at 95° C. until the solids dissolved and then 585 
mL (2.34 moles) 4N aqueous hydrochloric acid was added 
over about 3 hours. The heating was continued for another 
15 minutes after all the HCl was added and then the solution 
was ?ltered hot through a set of #5 and #3 Whatman ?lters 
in a nitrogen pressurized ?lter funnel. A ?rst white precipi 
tate weighing 0.059 g was collected. The clear ?rst ?ltrate 
was transferred to a beaker, kept hot at 80° C. and 225 g 
(2.98 moles) potassium chloride, KCl was added. The solu 
tion was stirred for another 20 minutes during which time a 
second white precipitate formed. This second precipitate 
was ?ltered as described above, washed three times with 100 
mL cold deionized water and dried for 24 hours at 110° C. 
to a powder giving a 65% yield of K8SiWnO39 based on 
Na2WO4*H2O. As the second ?ltrate cooled, more of the 
second precipitate appeared. This additional second precipi~ 
tate was gravity ?ltered through a #1 Whatman paper, 
transferred to a fritted glass Buchner funnel ?tted with a 1.2 
um membrane ?lter, washed well with cold deionized water 
and dried to a constant weight ?rst for 24 hours at 115° C. 
and then for 28 hours at 125° C. giving a ?nal yield of 
K8SiWnO39 of 42.5 g or 81% based on Na2WO4*H2O. The 
product was identi?ed by its infrared spectra and by the use 
of 29Si nuclear magnetic resonance spectroscopy (NMR) 
and 182‘W NMR. 

This salt was prepared according to the method of 
Brevard et al., J. A. Chem. Soc. (1983), 105, 7059. An 
amount of 72.5 g (0.22 moles) Na2WO4*2H2O and 2.87 
anhydrous NaQI-IPO3 (0.02 moles) were dissolved in 
approximately 200 mL of deionized water. The solution was 
heated to 80°—90° C. and titrated to pH 4.8 using 21.8 mL 
concentrated HNO3. The volume of the solution was 
reduced to half and the polyoxometalate salt separated in a 
dense lower layer by liquid-liquid extraction with 90 mL of 
acetone. The extraction was repeated two more times and 
only a small amount of lower layer was separated. The solid 
sodium salt was obtained as the hydrate by evaporating the 
acetone extract to dryness (approximately 10 days in air.) 
The material was characterized by IR and NMR spectros 
copy. 
Preparation of the Tetrabutylammonium Salt of Silane 
Modi?ed Polyoxometalate Anions 

Unless otherwise speci?ed, the reactions were conducted 
at ambient temperature and all yield percentages in the 
examples are by weight. The method to prepare silane 
modi?ed polyoxometalate anions described by Judenstein, 
Chem. Mater. (1992) 4,4, has been used in the present 
invention, with some modi?cations. 

EXAMPLE 1 

In a ?ask equipped with a magnetic stirrer and containing 
450 mL acetonitrile, CH3CN, 15 g (5><10‘3 moles) 
K8SiW11O39 dried overnight at l15°—1l7° C. was added and 
allowed to stir for 2 hours. To that mixture 0.73 g (9.2><10"3 
moles) pyridine, CSHSN was added. An amount of 1.20 g 
(9.3><10_3 moles) dimethyldichlorosilane, (CI-l3)2SiCl2 dis 
solved in 17 g CH3CN was then added over a 16 minute 
period. An additional 6.7 mL CH3CN used to rinse the 
addition funnel was added to the ?ask and the mixture stirred 
another 22 hours. A ?rst precipitate consisting of unreacted 
KSSiWUO39 and potassium chloride was separated by cen 
trifuging and ?ltering through a 0.22 um nylon membrane 
?lter. To the clear ?rst ?ltrate, 48.55 g (0.15 moles) tetrabu 
tylarnmonium bromide (C4H9)4NBr was added and the 
mixture stirred for 15 minutes. A second precipitate formed 
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and was separated as before. To the second ?ltrate, 450 mL 
deionized water was added and a third precipitate formed. 
This third precipitate was isolated by centrifuging and 
decanting the liquid part, washing the precipitate twice with 
100 mL portions of deionized water and air drying. Analysis 
by 29Si NMR and 183W NMR showed the third precipitate 
consisted of the mixed adduct [(C4H9)4N](8_2,,)SiW11039 
[(CH3)2Si],l where n:1 and 2. The mole ratio of 
K£.,SiW11O39/(CH3)2SiCl2 added initially was 1/ 1.84 and the 
mole ratio of isolated adduct n=1/n=2, estimated from 29Si 
NMR data was 1.6/1. Yield of the product was 7.99 g. This 
yield was estimated as 40% based on K8SiW11O39 and the 
adduct ratio. ' 

EXAMPLE 2 

In a ?ask equipped with a stirrer and containing 450 mL 
acetonitrile, CHBCN, 15 g (5><10_3 moles) K8SiWnO39 
dried overnight at 115°~117° C. was added and allowed to 
stir for 2 hours. An amount of 0.774 g (6><1O_3 moles) 
(CH3)2SiCl2 dissolved in 10 g CH3CN, was added to the 
?ask and the mixture stirred another 40 hours. A ?rst 
precipitate consisting of unreacted K8SiWnO39 and potas 
sium chloride was separated by centrifuging and ?ltering 
through a 0.22 um nylon membrane ?lter. To the ?rst clear 
?ltrate, 48.35 g (0.15 moles) tetrabutylammonium bromide, 
(C4H9)4NBr was added and the mixture stirred for 15 
minutes. A second precipitate formed and was separated as 
before. To the second ?ltrate, 400 mL deionized water was 
added and a third white precipitate formed. This third 
precipitate was recovered by centrifuging, decanting, ?lter 
ing, washing several times with deionized water and drying 
under a nitrogen purge for 72 hours. Analysis by 29Si NMR 
and 183W NMR showed the third precipitate consisted of the 
mixed adduct [(C4H9)4N](8_2,,)SiW11O39[(CH3)2Si],, where 
n=1 and 2. The mole ratio of K8SiW11O39/(CH3)2SiCl2 
added initially was l/1.20 and the mole ratio of isolated 
adduct n=1in=2, estimated from 29Si NMR data was 2.3/1. 
Yield of the product was 10.17 g. This yield was estimated 
as 54% based on K8SiWnO39 and the adduct ratio. 

EXAMPLE 3 

This preparation followed the same general procedure as 
in Example 2 except the amount of (CH3)2SiCl2 added was 
1.2 g (9.3><10_3 moles). Analysis by 29Si NMR and 183W 
NMR showed the third precipitate consisted of the mixed 
adduct [(C4H9)4N]8_2,,SiW11O39[(CH3)2Si]n where n=1 and 
2. The mole ratio of K8SiW11O39/(CH3)2SiCl2 added ini 
tially was 1/ 1.86 and the mole ratio of isolated adduct 
n=1/n=2, estimated from 29Si NMR data was 3.8/1. Yield of 
the product was 14.95 g. This yield was estimated as 73% 
based on K8SiWuO39 and the adduct ratio. 

EXAMPLE 4 

This preparation followed the same general procedure as 
in Example 2 except the amount of (CH3)2SiCl2 added was 
1.55 g'(l.2><10_2 moles). Analysis by 29Si NMR and 183w 
NMR showed the third precipitate consisted of the mixed 
adduct [(C4H9)4N](8_2,,)SiW11O39[(CH3)2Si],l where n:1 
and 2. The mole ratio of K8SiW11O39/(CH3)2SiCl2 added 
initially was U24 and the mole ratio of isolated adduct 
n=1/n=2, estimated from 29Si NMR data was 17.8/ 1. Yield 
of theproduct was 15.32 g. This yield was estimated as 74% 
based on K8SiWnO39 and the adduct ratio. 
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EXAMPLE 5 

In a flask equipped with a stirrer and containing 450 mL 
acetonitrile, CH3CN, 15 g (5><10"3 moles) K8SiWnO39 
dried overnight at 115° C. was added and allowed to stir for 
2 hours. An amount of 1.91 g (0.01 moles) (CH3)C6H5SiCl2 
dissolved in 1.5 g CH3CN, was added dropwise over one 
minute and the mixture stirred 22 hours. A ?rst precipitate 
was separated by centrifuging and ?ltering through a 0.22 
um nylon membrane ?lter. To the ?rst clear ?ltrate, 48.65 g 
(0.15 moles) tetrabutylarnmonium bromide, (C4H9)4NBr 
was added and the mixture stirred for 15 minutes. A second 
precipitate formed and was separated as before. To the 
second ?ltrate, 500 mL deionized water was added and a 
third precipitate formed. This third precipitate was recov- , 
ered by centrifuging, decanting, ?ltering, washing several 
times with deionized water and drying under a nitrogen 
purge. Analysis by 29Si NMR and 183W NMR showed the 
third precipitate consisted of the mixed adduct [(C4H9)4N] 
8_2,,Si*W11O39[(CH3)C6H5Si],, where n=1 and 2 and the Si* 
being a chiral center. Two monosubstituted stereoisomers 
exempli?ed by structures (a) and (b), following Example 14, 
were present and a disubstituted isomer as exempli?ed by 
structure (c), presumably where R=methyl, was also found. 
The mole ratio of K8SiW11O39/(CH3)C6H5SiCl2 added ini 
tially was 1/2. Yield of the product was 17.51 g. This yield 
was estimated as 82% based on K8SiW11O39. 

EXAMPLE 6 

In a flask equipped with a stirrer and containing 450 mL 
CHSCN, 18.08 g (8.l><10'3 moles) K8SiWnO39 dried for 24 
hours at 115° C. was added and the milky suspension stirred 
for 2 hours. An amount of 1.72 g (0.0122 moles) methylvi 
nyldichlorosilane ViCH3SiCl2 was added and allowed to stir 
for 23 hours. The mixture was centrifuged, a ?rst precipitate 
isolated and the clear supernatant solution decanted to a 
clean ?ask. An amount of 58.22 g (0.181 moles) tetrabuty 
lammonium bromide was added to this ?rst ?ltrate and the 
mixture stirred for 15 minutes. A second ?ufI’y white pre 
cipitate formed and was isolated by ?ltering through a 0.22 
um nylon membrane. To the remaining clear, slightly yellow 
?ltrate, 600 mL deionized water was added and a third 
precipitate fonned. This third precipitate was isolated by 
centrifuging and decanting the liquid part, washing the 
precipitate with deionized water and drying under nitrogen. 
Analysis by 29Si NMR and 182‘W NMR showed the third 
precipitate consisted of two isomers of the adduct 
[(C4H9)4N]6SiW11O39[CH3Si*Vi], the Si* being a chiral 
center. These isomers are exempli?ed by structures (a) and 
(b), following Example 14, where R=methyl and R'zvinyl. 
The 183W NMR spectrum was more helpful than the 29Si 
NMR spectrum for deterrrrining the relative amounts of each 
isomer. A 22 line spectrum was obtained which corre 
sponded to two sets of 11 equivalent lines. Based on the 
equivalent amounts of the two isomers present in the mix 
ture, it was concluded that the preference was statistical. The 
mole ratio of KgsiWl1Oj9/(CH3)ViSiCl2 added initially was 
l/1.5. Yield of the reaction product was 10.98 g. This yield 
was estimated as 43.2% based on K8SiWnO39. 

EXAMPLE 7 

In a ?ask equipped with a stirrer and containing 450 mL 
acetonitrile, CHBCN, 15 g (5><10_3 moles) K8SiWnO39 
dried overnight at 115° C. was added and allowed to stir for 
2 hours. An amount of 1.88 g (0.01 moles) 
(CH3)ViSi(O2CCH3)2 was added and the mixture stirred 24 
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hours. A considerable amount of KgSiWuO39 remained 
undissolved and so 2.02 g (0.02 moles) concentrated HCl 
was added dropwise into the mixture over a period of 4 
minutes and the stirring continued for another 20 hours. A 
?rst precipitate was separated by centrifuging and ?ltering 
through a 0.22 um nylon membrane ?lter. To the ?rst clear 
?ltrate, 48.65 g (0.15 moles) tetrabutylammonium bromide, 
(C4H9)4NBr was added and the mixture stirred for 15 
minutes. A second precipitate formed and was separated as 
before and the weight of the dry powder was 6.05 g. To the 
second ?ltrate, 500 mL deionized water was added and a 
third precipitate formed. This third precipitate was recov 
ered by centrifuging, decanting, ?ltering, washing several 
times with deionized water and drying under a nitrogen 
purge. Final weight of third precipitate was 12.86 g. Analy 
sis by IR indicated that the second and third precipitates 
were identical. Analysis by 29Si NMR and 183W NMR 
showed the second and third precipitates consisted of two 
isomers of the adduct [(C4H9)4N]6SiW11O39[CH3Si*Vi], 
the Si* being a chiral center, the same compounds as 
described in Example 6. These isomers are exempli?ed by 
structures (a) and (b), following Example 14, where R=me 
thyl and R':vinyl. The mole ratio of K8SiWnO39/ 
(CH3)ViSi(O2CCH3)2 added initially was 1/2. Yield of the 
product based on the second and third precipitates was 12.86 
g. This yield was estimated as 92% based on K3SiW11O39. 

EXAMPLE 8 

In a ?ask equipped with a stirrer and containing 450 mL 
acetonitrile, CH3CN, 15 g (5Xl0_3 moles) K8SiW11O39 
dried overnight at 115° C. was added and allowed to stir for 
2 hours. An amount of 2.48 g (0.01 moles) 

dissolved in 3.98 g CH3CN was added to the rrrixture. An 
amount of 1.97 g (0.02 moles) concentrated HCl was added 
dropwise into the mixture and the stirring continued for 
another 22 hours. A ?rst precipitate was separated by cen 
trifuging and decanting. To the ?rst clear ?ltrate, 48.65 g 
(0.15 moles) tetrabutylammonium bromide, (C4H9)4NBr 
was added and the mixture stirred for 15 rrrinutes. A second 
precipitate formed and was separated by ?ltering through a 
0.22 um nylon membrane. To the second ?ltrate, 800 mL 
deionized water was added and a third precipitate formed. 
This third precipitate was recovered by centrifuging, decant 
ing, ?ltering, washing several times with deionized water 
and drying under a nitrogen purge. Analysis by 29Si NMR 
and 183W NMR showed the third precipitate consisted of 
two isomers of the adduct 

the Si* being a chiral center, as exempli?ed by structures (a) 
and (b), following Example 14. Both the 183w NMR and the 
29Si NMR data were very similar to that received in ana 
lyzing the hexenyl silane modi?ed polyoxometalate 
described in Example 9. The mole ratio of 

added initially was 1/2. Yield of the product based on the 
third precipitate was 16.18 g. This yield was estimated as 
75% based on K8SiWuO39. 
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EXAMPLE 9 

In a ?ask equipped with a stirrer and containing 450 mL 
CI-IjCN, 15.0 g (5.0><l0_3 moles) K3SiWn039 dried for 24 
hours at 115° C. was added and the milky suspension stirred 
for 2 hours. An amount of 1.98 g (0.01 moles) l-hexenyl~ 
methyldichlorosilane CH2=CH(CH2)4(CH3)SiCl2 was 
added and the solution stirred for an additional 21 hours. The 
mixture was centrifuged and a clear supernatant solution 
was separated from a ?rst precipitate by decanting it to a 
clean ?ask. An amount of 48.35 g (0.146 moles) tetrabuty 
lammonium bromide was added to the supernatant solution 
and the mixture stirred for 15 minutes. A second fluffy white 
precipitate formed and was isolated by ?ltering through a 
0.22 um nylon membrane. To the remaining clear, slightly 
yellow ?ltrate, 500 mL deionized water was added and a 
third precipitate formed. This third precipitate was isolated 
by centrifuging and decanting the liquid part, washing the 
precipitate three times with about 170 mL of deionized water 
and drying under nitrogen. Analysis by 29Si NMR and 183W 
NMR showed the third precipitate consisted of two isomers 
of the adduct [(C4H9)4N]5SiWn039 
[CH3Si*(CH2)4CH=CH2], the Si* being a chiral center, as 
exempli?ed by structures (a) and (b), following Example 14. 
The 183W NMR spectrum was more helpful than the 29Si 
NMR spectrum for determining the relative amounts of each 
isomer. A 22 line spectrum was obtained with relative 
intensities of about 1:06. This suggests that the composition 
of the mixture is approximately 63:37, however We were not 
able to determine which isomer corresponded to which set of 
resonances. The mole ratio of K8SiWnO39/ 
CH2=CH(CH2)4 (CH3)SiCl2 added initially was 1/2. Yield 
of the reaction product was 16.34 g. This yield was esti 
mated as 76.5% based on K8SiWnO39. 

EXAMPLE 10 

In a ?ask equipped with a stirrer and containing 450 mL 
CHBCN, 15.0 g (5.0><l0_3 moles) Na7PWnO39 dried for 24 
hours at 115° C. and ground in a mortar and pestle was added 
and the milky suspension stirred for 2.5 hours. An amount of 
2.08 g (0.01 moles) l-hexenylmethyldichlorosilane 
CH2=CH(CI—I2)4(CH3)SiCl2 dissolved in CH3CN was 
added and the solution stirred for an additional 22 hours. The 
mixture was centrifuged and a slightly yellow supernatant 
solution was separated from a ?rst precipitate by decanting 
it to a clean ?ask. An amount of 51.26 g (0.146 moles) 
tetrabutylamrnonium bromide was added to the supernatant 
solution and the mixture stirred for 15 minutes. A second 
precipitate formed and was isolated by ?ltering through a 
0.22 um nylon membrane. To the remaining clear, slightly 
yellow ?ltrate, 500 mL deionized water was added and a 
third precipitate formed. This third precipitate was isolated 
by centrifuging and decanting the liquid part, washing the 
precipitate three times with about 170 mL of deionized water 
and drying under nitrogen. Analysis by “P NMR, 29Si NMR 
and 183W NMR showed the third precipitate consisted of 
two monosubstituted isomers of the type described in 
Example 9 above. The mole ratio of Na-,PW11O39/ 
CH2=CH(CH2)4(CH3)SiCl2 added initially was l/2. Yield 
of the product was 15.88 g. This yield was estimated as 75% 
based on Na7PW11O39. 

EXAMPLE 11 

In a ?ask equipped with a stirrer and containing 450 mL 
CH3CN, 15.0 g (5.0><l0_3 moles) K8SiWnO39 dried for 24 
hours at 115° C. was added and the milky suspension stirred 
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for 2 hours. An amount of 3.58 g (0.01 moles) 
C133(CF2)3CH2CH2(CH3)SiCl2 dissolved in 1.97 g CH3CN 
was added and the solution stirred for an additional 24 hours. 
The mixture was centrifuged and the supernatant solution 
was separated from a ?rst precipitate by decanting it to a 
clean ?ask. An amount of 48.35 g (0.15 moles) tetrabuty 
lammonium bromide was added to the supernatant solution 
and the mixture stirred for 15 minutes. A second precipitate 
formed and was isolated by ?ltering through a 0.22 um 
nylon membrane. To the remaining clear, slightly yellow 
?ltrate, 500 mL deionized water was added causing the 
product to precipitate slowly. This third precipitate was 
isolated by centrifuging and decanting the liquid part, wash 
ing the precipitate three times with about 540 mL of deion~ 
ized water and drying under nitrogen. Analysis by 29Si NMR 
and 183W NMR showed the third precipitate consisted of the 
mixed adduct [(C4H9)4N]8_2,,SiW11O39[CF3(Cl-T2)3CH2CH2 
(CH3)Si*]n where n=1 and 2 and the Si* being a chiral 
center. Two monosubstituted stereoisomers exempli?ed by 
the structures (a) and (b), following Example 14, were 
present and two disubstituted isomers as exempli?ed by 
structures ((1) and (e), following Example 14, presumably 
where R=CF3(CF2)3CH2CH2——, were also vfound. The 
mole ratio of K8SiW11O39/CF3(CF2)3CH2CH2(CH3)SiCl2 
added initially. Yield of the product was 18.76 g. This yield 
was estimated as 86.5% based on K8SiWnO39 and adduct 
ratio. The product was very soluble in CH3CN (60 weight 
percent), DMSO and (CH3)2CO. 

EXAMPLE 12 

In a ?ask equipped with a stirrer and containing 450 mL 
acetonitrile, CH3CN, 15 g (5><10_3 moles) K8SiWuO39 
dried overnight at ll5°—ll7° C. was added and allowed to 
stir for 2 hours. An amount of 1.15 g (0.01 moles) methyl 
hydrogendichlorosilane, HCH3SiCl2 dissolved in 17 g 
CH3CN was then added over an 8 minute period. An 
additional 6 mL of CH3CN used to rinse the addition funnel 
was added to the ?ask and the mixture stirred another 21 
hours. A ?rst precipitate consisting of unreacted 
K8SiW11O39 and potassium chloride was separated by cen 
trifuging and ?ltering through a 0.22 um nylon membrane 
?lter. To the clear ?rst ?ltrate, 48.35 g (0.15 moles) tetrabu 
tylammonium bromide (C4H9)4NBr was added and the 
mixture stirred for 27 minutes. A second precipitate formed 
and was separated as before. To this second ?ltrate, 450 mL 
deionized water was added and a third precipitate formed. 
This third precipitate was isolated by centrifuging and 
decanting the liquid part, washing the precipitate twice with 
100 mL portions of deionized water and drying under 
nitrogen. Analysis by 29Si NMR and 183W NMR showed the 
third precipitate consisted of three isomers of the adduct 
[(C4H9)4N]4Si*W11O39[CH3SiH]2, the Si* being a chiral 
center, as exempli?ed by structures (c), (d) and (e), follow 
ing Example 14. In addition, it appears that a large portion 
of the Si—H of the silane starting material oxidized during 
the synthesis of the silane modi?ed polyoxometalate and 
produced a material having the forrnula'SiW11O39O[SiCH3] 
[4 as exempli?ed by structure (t), following Example 14. 
Approximately 50% of the product was the oxidized mate 
rial exempli?ed by structure (f), isomers exempli?ed by 
structures (c) and (d) comprised most of the remaining 50% 
and the isomer exempli?ed by structure (e) seemed to make 
up only a very small percentage. The mole ratio of 
K3SiW11O39/(CH3)HSiCl2 added initially was l/2. Yield of 
the product was 2.85 g. This yield was estimated as 15% 
based on K8SiW11O39. 
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EXAMPLE 13 

In a ?ask equipped with a stirrer and containing 450 mL 
CH3CN, 15.0 g (5.0><10"3 moles) Na7PWnO39 dried for 24 
hours at 115° C. and ground in a mortar and pestle was added 
and the milky suspension stirred for 2 hours. An amount of 
1.22 g (0.01 moles) H(CH3)SiCl2 dissolved in CHSCN was 
added and the solution stirred for an additional 20 hours. The 
mixture was centrifuged and a slightly yellow supernatant 
solution was separated from a ?rst precipitate by decanting 
it to a clean ?ask. An amount of 51.26 g (0.146 moles) 
tetrabutylammonium bromide was added to the supernatant 
solution and the mixture stirred for 15 minutes. A second 
precipitate formed and was isolated by ?ltering through a 
0.22 urn nylon membrane. To the remaining clear, yellow 
?ltrate, 500 mL deionized water was added and a third 
precipitate formed. This third precipitate was isolated by 
centrifuging and decanting the liquid part, washing the 
precipitate with deionized water and drying under nitrogen. 
Analysis by 29Si NMR and 183W NMR showed the third 
precipitate consisted entirely of the oxidized product exem 
pli?ed by structure (D, following Example 14. The mole 
ratio of Na7PW11O3,9/H(CH3)SiCl2 added initially was 1/2. 
Yield of the product was 15.14 g. This yield was estimated 
as 80.9% based on Na7PWnO39. 

EXAMPLE 14 

In a ?ask equipped with a stirrer and containing 450 mL 
acetonitrile, CH3CN, 14.65 g (5><10"3 moles) K8SiWnO39 
dried overnight at 115°—117° C. was added and allowed to 
stir for 2 hours. An amount of 1.26 g (0.01 moles) ethylhy 
drogendichlorosilane, H(CH3CH2)SiCl2 dissolved in 1 g 
CH3CN was then added and the stirring continued for 23.5 
hours. After centrifugation, a ?rst precipitate was separated 
from the supernatant liquid by decanting. To the clear ?rst 
?ltrate, 48.65 g (0.146 moles) tetrabutylammonium bromide 
(C4H9)4NBr was added and a second precipitate formed and 
was separated by ?ltering through a 0.22 um nylon mem 
brane and washing with approximately 10-15 mL CHBCN. 
This second precipitate was dried under nitrogen and the 
yield was 17.79 g. To the second ?ltrate, 500 mL deionized 
water was added and a very small amount of third precipitate 
formed. This third precipitate was isolated by centrifuging 
and decanting the liquid part, washing with deionized water 
and drying under nitrogen. The weight of the dried third 
precipitate was 0.79 g. IR analysis indicated that the second 
and third precipitates were identical. Analysis by 29Si NMR 
and 183W NMR of the second precipitate showed that it 
consisted of two isomers of the adduct [(C4H9)4N] 
4Si*W11O39[CH3CH2SiH]2, the Si* being a chiral center, as 
exempli?ed by the structures (d) and (e) following this 
example. In addition, it appears that approximately 30% of 
the Si-H of the silane starting material oxidized during the 
synthesis of the silane modi?ed polyoxometalate and pro 
duced a material having the formula SiW11O39O 
[SiCH2CH3]2_4 as exempli?ed by structure (f) following 
this Example. Based on the equivalent amounts of the two 
isomers present in the mixture, it was concluded that the 
preference was statistical. The mole ratio of K8SiWnO39/ 
(CH3CH2)HSiCl2 added initially was 1/2. Yield of the 
product was 17.79 g. This yield was estimated as 96.26% 
based on KgSiWnO39 and assuming 100% pure adduct. 
Structures (a) through (D are schematic representations 
showing the coordination of silanes and surface oxygens 
(small circles) on the polyoxometalate anion (large circles) 
to form silane modi?ed polyoxometalate adducts. 
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We claim: 
1. A silane modi?ed polyoxometalate anion represented 

by the formula 

where Z is selected from the group consisting of M1 1039712, 
M9034“M and MnO?fzo, where M is tungsten or molyb 
denum; Y is As+5, Si*“, B“, Ge“, P+5 or Fol“3 when Z is 
M11O39_12, Y is Si*“, Gel“, or P+5 when Z is M9O34‘14 and 
Y is As2+10 when P2+1° when Z is MnOgl'zo; R is selected 
from the group consisting of monovalent hydrocarbon radi 
cals having from 1 to 24 carbon atoms, monovalent halo 
genated hydrocarbon or carbon radicals having from 1 to 24 
carbon atoms and monovalent hydrocarbon radicals having 
from 1 to 24 carbon atoms substituted with an epoxy group, 
an amino group, a mercapto group or a methacrylo group; R‘ 
is selected from the group consisting of a hydrogen atom and 
R; and n represents the number of (=SiRR')"2 groups 
bonding to the polyoxometalate anion and has a value from 
1 to 3. 
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2. The anion according to claim 1 and further comprising 
an associated cation selected from the group consisting of an 
alkali metal and tetralkylammonium. 

3. The anion according to claim 1 wherein R and R' are 
not identical. 

4. The anion according to claim 1, wherein Z is M11039‘ 
12 where M is tungsten, Y is Si‘“4 and n has a value from 1 
to 2. ' 

5. The anion according to claim 2, wherein Z is M11039“ 
12 where M is tungsten, Y is Si“ and n has a value from 1 
to 2. 

6. The anion according to claim 2, wherein R is selected 
from the group consisting of monovalent hydrocarbon radi 
cals having from 1 to 10 carbon atoms, monovalent halo 
genated hydrocarbon or carbon radicals having from 1 to 10 
carbon atoms and monovalent hydrocarbon radicals having 
from 1 to 10 carbon atoms substituted with an epoxy group, 
an amino group, a mercapto group or a methacrylo group. 

7. The anion according to claim 2, wherein R' is selected 
from the group consisting of monovalent hydrocarbon radi 
cals having from 1 to 10 carbon atoms, monovalent halo 
genated hydrocarbon or carbon radicals having from 1 to 10 
carbon atoms and monovalent hydrocarbon radicals having 
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from 1 to 10 carbon atoms substituted with an epoxy group, 
an amino group, a mercapto group or a methacrylo group. 

8. The anion according to claim 5, wherein R is selected 
from the group consisting of monovalent hydrocarbon radi 
cals having from 1 to 10 carbon atoms, monovalent halo 
genated hydrocarbon or carbon radicals having from 1 to 10 
carbon atoms and monovalent hydrocarbon radicals having 
from 1 to 10 carbon atoms substituted with an epoxy group, 
an amino group, a mercapto group or a methacrylo group. 

9. The anion according to claim 5, wherein R‘ is selected 
from the group consisting of monovalent hydrocarbon radi 
cals having from 1 to 10 carbon atoms, monovalent halo 
genated hydrocarbon or carbon radicals having from 1 to 10 
carbon atoms and monovalent hydrocarbon radicals having 
from 1 to 10 carbon atoms substituted with an epoxy group, 
an amino group, a mercapto group or a methacrylo group. 

10. The anion according to claim 9 wherein R is selected 
from the group consisting of vinyl, l-hexenyl and monova 
lent hydroearbon radicals having from 1 to 10 carbon atoms 
substituted with an epoxy group or an amino group. 


